We review VegMV, the phytosociological database of Mecklenburg-Vorpommern (NE Germany) with electronically stored vegetation relevés (GIVD ID EU-DE-001). The database was established in 1994 and is now hosted by the Institute of Botany and Landscape Ecology, University of Greifswald, Germany (http://www.botanik.uni-greifswald.de/VegMV). On 27 October 2011, the database contained 53,842 relevés, mostly from the federal state of Mecklenburg-Vorpommern, collected by approximately 320 authors between 1928 and 2010. Some 28% of the relevés were taken from published papers or monographs, 42% from theses and 30% from various unpublished reports and "field books". A wide variety of habitats occurring in Mecklenburg-Vorpommern are represented, but territorial coverage by relevés is uneven, with lower coverage of less attractive and poorly accessible areas. The largest numbers of relevés are from managed grasslands (Molinio-Arrhenatheretea), arable land (Stellarietea mediae), and eutrophic reed communities (Phragmito-Magno-Caricetea). We quantify and discuss possible bias in the data, such as preferential selection of sampling sites (habitat and small-scale preferences), taxonomic inconsistencies, spatial agglomeration, and missing values for some data elements. We present a brief introduction to the consistent phytosociological vegetation classification developed using the VegMV data. Further applications of the data and the conditions for their use are reported.
Introduction
Vegetation databases with species cooccurrence data have been compiled all over the globe . It is estimated that in Europe alone nearly two million phytosociological relevés are stored electronically (Jansen et al. 2011b) . This legacy of plot data spanning 100 years is a powerful resource for vegetation science (Ewald 2001 , 2003 . New avenues of inquiry are now open for analysis, including phytosociological classification , predictive mapping (Austin 2007) , invasion ecology (Jansen et al. 2011b ), functional traits (Cingolani et al. 2007 ), phylogeny (Cavender-Bares et al. 2009 ), assembly rules (Gotelli 2002 ) and biodiversity patterns (Ewald 2002 , Lenoir et al. 2010 . Such databases also offer many options for analysing patterns and processes of global change caused by anthropogenic climate warming, land-use changes and biotic invasions (Chytrý et al. 2009 ).
VegMV, the vegetation database of Mecklenburg-Vorpommern (ID EU-DE-001 in the Global Index of VegetationPlot Datases, GIVD, see ) was established in 1990. It is a comprehensive database of published and unpublished vegetation-plot data from this federal state in NE Germany. With more than 50,000 relevés, it was for a long time the largest vegetation database in Germany, now being exceeded by the GVRD, GIVD-ID EU-DE-014 (see Jandt & Bruelheide 2012) . VegMV still is among the biggest worldwide . While there have been two previous reports on the history and content of VegMV, in a book ) and a regional journal , we want to use this Special Volume dedicated to vegetation databases worldwide to give an updated overview of the data contained in VegMV, as well as their past and future uses. Specifically, we will describe the history of VegMV and report in detail on its content and representativeness, in this way updating the status report of . We will also describe how VegMV data have been used during recent years.
History of VegMV
The database project was initiated at a meeting of C.B. with Stephan Hennekens (Wageningen, The Netherlands) after the fall of the Iron Wall in 1990. At that time, TURBOVEG for DOS was emerging, and C.B. was one of the early users of this program. In 1992, the idea of a red book of plant communities of MecklenburgVorpommern arose and in the next two years a preliminary checklist of all recorded vegetation types was compiled based on community names used in the literature. In addition to published papers or books, a great amount of unpublished sources was included in the checklist (Berg 1993 , Litterski et al. 1997 . In order to build a comprehensive database of all available relevés, the state government sponsored several projects, served by a total of five employees between 1994 and 1998. In autumn 1997, a team of 22 scientists started to use these data for a de-novo classification of the vegetation in this region, which was completed four years later and has been published in Berg et al. (2001a) . At that time, the database comprised about 50,000 relevés. It was converted to TURBOWIN (Hennekens & Schaminée 2001) , and plant nomenclature was largely standardised to Wisskirchen & Haeupler (1998) , Koperski et al. (2000) , and Scholz (2000) for vascular plants, bryophytes, and lichens, respectively.
Since 2001, improvements in database structure and taxonomy have been achieved. In addition to the original syntaxonomic classification, any relevé used in Berg et al. (2001a) was also assigned information from this later classification. Plant nomenclature was fully adapted to what was later published as GermanSL . Some 2,375 relevés from 40 new sources, such as theses, have been included. However, a considerable number of relevés within the area of Mecklenburg-Vorpommern have still not been included, or in some cases even digitized, these being mainly from forest inventories (see Schulze et al 2006) .
Basic statistical figures
All figures presented in the following analysis reflect the status of the database on 1 November 2011. At this date, the database contained 53,842 relevés, of which nearly one half came from unpublished theses (Table 1) , mainly from the Universities of Greifswald (n = 12, 106) and Rostock (n = 4,647). Nearly one third were from unpublished reports, for example surveys of nature reserves and management plans for specific areas. These surveys were commissioned by nature conservation agencies of MecklenburgVorpommern and conducted by different consultancies. Whereas the quality of the latter relevés varies considerably, none of these surveys was done for phytosociological classification purposes. Only 27% of the relevés in VegMV were from published papers or monographs; these dealt mostly with phytosociology or floristic questions. The majority of this group originates from the journals Natur und Naturschutz Mecklenburg (-Vorpommern) (n = 2,964), Feddes Repertorium (n = 2,587), Archiv der Freunde der Naturgeschichte in Mecklenburg (n = 1,313), and Botanischer Rundbrief für Mecklenburg-Vorpommern (n = 1,147). The number of relevés per decade reflects the history of vegetation research in Mecklenburg-Vorpommern. There is an increasing amount of data since the beginning in the 1920s but some political and scientific anomalies are apparent (Fig.  1) . The oldest relevés are from 1928, recorded by Wilhelm Libbert (Libbert 1933) . From the 1940s, there are only very few relevés, as a result of World War II. The high number of relevés in the 1960s was initiated by Prof. Franz Fukarek, who supervised many phytosociological theses in MecklenburgVorpommern. The extraordinarily high amount of relevés from the 1990s reflects the high number of surveys commissioned by public agencies after the fall of the Iron Wall, while the sharp drop in the number of new relevés after the year 2000 might partly be due to incomplete data coverage after the termination of the project.
Data quality
Sampling method and quality of relevés in phytosociological databases vary strongly for different reasons. Serious, but hardly avoidable, errors are introduced by overlooking or misidentifying species in the field (Vittoz & Guisan 2007 , Archaux 2009 ). In addition, different authors use different taxonomic concepts of species, subspecies or species aggregates. "Festuca ovina", for instance, is a frequent entry in the VegMV database but hardly any author specified whether they meant Festuca ovina s.str. or Festuca ovina agg. (both in the sense of GermanSL, i.e. Wisskirchen & Haeupler 1998). Therefore, species or subspecies often need to be transformed to species sensu lato or aggregates in order to match taxonomic concepts in compiled datasets. Such transformations result in a loss of information, but are necessary in order to avoid bias in the analyses (Jansen & Dengler 2010) .
Another issue strongly related to data quality is the preferential selection of plot locations, which means that authors tend to select stands that fit their a priori idea of a particular vegetation type. This is to avoid "untypical" or "boring" stands and/or to try to sample a high betweenplot variance (Ewald 2003) , which typically exceeds the variability caught by randomized sampling (Michalcová et al. 2011) .
On a larger scale, preferential sampling leads to an unequal coverage of a given geographical region. The geographical distribution of relevés achieved during the entire history of phytosociological research in Mecklen-burg-Vorpommern is fairly good but still uneven (Fig. 2) . The greatest gaps remain mostly to the east, in the sandy areas of the Uckermark and the southern part of the ground moraine. On the other hand, the coastal areas and Lake District, as well as the terminal moraines of the Weichselian Glaciation, are disproportionately well sampled. A particular focus has been areas with attractive vegetation (Darß, South-East-Rügen, Lake District) or with phytosociological "schools" in the vicinity (Güstrow, Rostock, Greifswald). An exception is the Elbe valley, which, despite being phytosociologically very diverse, appears undersampled ( Fig. 2) because access was largely forbidden during the period of the German Democratic Republic.
It is an advantage of the VegMV database, compared to similar national and regional vegetation databases, that it includes to a large extent data from unpublished reports, for example environmental impact assessments. These studies often cover the "common landscape", which is neglected by phytosociologists for classification purposes. For this reason, the database includes many relevés of highly anthropogenic vegetation types and represents fairly well the dominant vegetation cover of Mecklenburg-Vorpommern. For example, the communities dominated by Calamagrostis epigejos and Rubus caesius, which are species-poor and considered "boring" but belong to the most frequent ruderal communities in central We also related the phytosociological classification from to the CORINE land cover data of Mecklenburg-Vorpommern (Bossard et al. 2000) to analyse the representativeness of the database in this respect (Table 2 ). Sea and lagoon regions are only represented by a few relevés despite their huge geographical extent (albeit only partially covered by vegetation). On the other hand, all terrestrial habitats except urban areas are more or less adequately represented (Fig. 3) . However, the precision of this comparison is limited by the difficulty of matching the two classifications. The (semi-) automated classifications of CORINE 2000 cover have been accomplished on a scale of 1:100,000 and many vegetation types do not normally reach the threshold extent of approximately 25 ha to be considered by CORINE mapping. CORINE classes are somewhat inconsistent in classification criteria (Jansen & Gregorio 2002) and often contain more than one phytosociological class. All groups in Figure 3 with a total cover below 5,000 ha could be influenced by a single large landscape patch assigned to this CORINE class. The best approach would be to look for the actual intersects between plot locations and CORINE patches, but the generally low georeferencing accuracy of vegetation plots within VegMV does not allow this.
A striking problem of VegMV (as practically all other vegetation databases, see ) is the lack of plotbased structural and environmental variables. Mucina et al. (2000) attempted to standardise the sampling procedure by proposing obligatory and optional data elements associated with relevés. Of these "obligatory" data elements, the relevés in VegMV frequently lack field book number, total cover of all vegetation layers, height of vegetation layers, and for aquatic vegetation, the separate cover of emergent, natant, and submerged plants.
A verbal description of habitat characteristics is also frequently missing. The accuracy of the location varies from precise locations measured with a Global Positioning System (GPS) to the grid cells of the floristic mapping scheme (i.e. quadrants of the 1:25,000 Ordnance Survey maps, with a size of approximately 30 km² each). Table 3 shows the percentages of missing values for obligatory data elements proposed by Mucina et al. (2000) . Table 2 : Assignment of phytosociological classes to CORINE level 3 landcover classes (CLC). This is the legend for Figure 3 . The structural habitat types of the CORINE classification cannot always satisfactorily be matched with the phytosociological classification. Some classes that usually occur in small patches cannot be identified by the aerial survey with a resolution of 25 ha (marked with "*"). Others like CLC codes 243 and 322 are very heterogeneous in content (marked with "?"). The phytosociological forest types focus on environmental differences, not on dominant tree species. Therefore, the forest units in CORINE distinguished according to dominant trees could not directly be matched to phytosociological classes and vice versa, but only to an aggregated level that combines all forests(marked with "**"). (Table 4) . Wetland species such as Agrostis stolonifera, Phragmites australis, Galium palustre, Molinia caerulea or Cirsium oleraceum are indeed more frequent in the young moraine landscape of MecklenburgVorpommern with its many water bodies and fens compared to the two other survey areas. The total of 57 random plots from the neighbouring states were restricted to only two Ordnance Survey maps (No. 3049 in Brandenburg and No. 2728 in Lower Saxony) and might therefore not be representative of the whole area of these federal states. The proportion of forests is higher there than in Mecklenburg-Vorpommern, which might explain the higher frequency of, for instance, Impatiens parviflora and Quercus robur. A group of species that are very frequently recorded from random sampling, but which are not represented within the most frequent VegMV species, reveal a serious deficit in both vegetation databases: the very incomplete coverage of non-vascular plants in traditional phytosociological sampling. The most frequent species within the random samples of both adjacent federal states was Brachythecium rutabulum, a bryophyte with a broad ecological niche, which only had rank 87 in VegMV. In both vegetation databases, there was not a single bryophyte within the 40 most frequently recorded species. 
Code

Vegetation classification of Mecklenburg-Vorpommern
The primary motivation for the establishment of VegMV was the consistent classification of the vegetation in MecklenburgVorpommern. At the outset of the vegetation classification, three fundamental aims were formulated: It should be carried out in a uniform manner for all vegetation types according to logical and transparent principles. The vegetation units defined in this way should be applicable for both nature conservation practitioners and scientists. They should be compatible, as far as possible, with overviews of plant communities from neighbouring regions. The resulting syntaxonomic system comprises 34 classes, subdivided into 12 subclasses, 70 orders, six suborders, 125 alliances, and 284 associations (Berg et al. 2001a . The classification was carried out separately for woodland vegetation (8 classes) and non-woodland vegetation (26 classes) as suggested by Bergmeier et al. (1990) and Dengler (2003) . The frequency distribution of all species across the 34 classes was presented in an "all-class table", allowing for quick overviews and comparisons of the sociological preferences of each single species (Berg et al. 2001a) . Character species of single classes, as well as joint differential species of two or three classes, have been identified (see Dengler et al. 2005) , including bryophytes and lichens (see . The established "joint differential species" for more than one class allow a connectivity network to be drawn between them (Fig. 4, see also Figs. 2 and 3 in . For the nonwoody vegetation, aquatic and saltinfluenced communities were the most separated types, whereas all communities dominated by perennial plants formed the body of the "elephant of phytosociology".
The nature conservation assessment was done by differentiating the vulnerability of plant communities conceptually from their nature conservation value (Berg et al. 2001b) . The combination of both in a decision matrix led to a priority ranking of communities that most urgently need protection and management (Timmermann et al. 2006) . C: Vaccinio myrtilli-Pinetum sylvestris with Empetrum nigrum. Here, at the young coast of Darßer Ort, it is a near-natural community, but in terms of species combination it is similar to human-induced secondary forest stands (Photo: C. Berg). 
Other applications of VegMV
Right at the outset of the project, it was the intention to disseminate VegMV data for analyses beyond the primary goal of classification. All kinds of practical or theoretical research questions concerning the information encapsulated in the database are also welcome by external users (contact is F.J.).
A Letter of Agreement has been formulated, stating the following conditions: 1. Data are provided for free, but donations are welcome. If applicable, we will ask for non-monetary compensation like providing additional plotrelated data that are gathered by the users. 2. The data are extracted from the database without further inspection. We give no guarantee for data accuracy. 3. The recipient is bound to:
use the data only for the announced purpose and only non-commercially; not give the data to a third party; accredit VegMV properly in all publications that use the data (from now on this shall be done by citing this Long Database Report and mentioning the GIVD ID EU-DE-001), cite the original sources if using single relevés explicitly and not only aggregated data; and provide to the database manager (F.J.) copies (e.g., as pdf files) of all publications that use the data. Table 5 gives an overview of selected projects that requested VegMV data in the past. Data have been used in theses (e.g., for comparison with own survey data), but also for international publications in practical and theoretical vegetation science. The high number of relevés makes it possible to apply new methods. Even without measurements of environmental conditions, it was possible to calculate the ecological preferences of alien species along gradients estimated by ecological indicator values of plants (Jansen et al. 2011a ). The unavoidable bias in sampling density has been outweighed by the huge number of relevés from all kinds of habitats. To account for the inherent nonindependence of species occurrences in vegetation relevés, Jansen et al. (2011a) permuted the ecological indicator values across all occurring species to calculate "non-confidence bars" for the ecological preferences at specific gradient segments.
Vegetation-plot databases focus on cooccurrence ) but provide also valuable floristic information. The average number of species per relevé in VegMV is 17, making up a total of 904,986 floristic field observations of individual plant taxa within time and space. These constitute more than one third of the total floristic survey available in the federal state (see http://www.floramv.de). 
Outlook
The future of VegMV depends on funding on the one hand and data quality requirements on the other. At least parts of the database are intended to be included in the freely accessible national vegetation database of Germany (VegetWeb, GIVD-ID EU-DE-013; see Ewald et al. 2012) , and the floristic content will be made available in GBIF, the Global Biodiversity Information Facility (http://www. gbif.org), through the Flora-MV portal (see above).
